We hypothesized that the health-related quality of life (HRQOL) would be poorer in physically inactive older adults. This was tested in a sample of 73 male and 108 female free-living healthy Japanese participants, age 65-85 years. We measured accelerometer step counts and their metabolic equivalents (METs) throughout each 24-hr period for 1 year. At the end of the year, HRQOL was assessed. Physical activity was grouped into quartiles. HRQOL was poorer in the lowest quartiles of participants with respect to both step count and duration of activity >3 METs; however, our sample showed no better HRQOL in those participants exceeding minimum standards of daily physical activity, corresponding to counts of around 5,500 and 4,500 steps/day and durations of around 13 and 14 min/day in men and women, respectively. Causation cannot be demonstrated from this cross-sectional study, but nevertheless we suggest that elderly individuals should be encouraged to meet such standards of habitual physical activity.
Several previous studies have demonstrated associations of habitual physical activity with HRQOL, as well as with the prevention of chronic conditions such as hypertension, diabetes, and cardiovascular diseases (American College of Sports Medicine, 1998; Shephard, 1996 Shephard, , 1997 ; U.S. Department of Health and Human Services, 2000) . For example, a large-population (1,387 participants age 18-75 years) study noted that people who engaged in regular physical exercise had a higher HRQOL than nonexercisers (Laforge et al., 1999) . Likewise, older Australian women who exercised regularly were likely to be in better emotional health than were their sedentary peers (Lee & Russell, 2003) . In most of these studies, physical activity was assessed using a simple questionnaire; commonly participants were asked about their moderate or vigorous activity during a typical recent week. Such subjective measurements of physical activity do not always provide accurate estimates of the volume and intensity of activity performed, particularly in older adults, in whom diffi culties of recall are compounded by cognitive problems (Stewart et al., 2001) . Thus, the precise quantity and quality of physical activity associated with a favorable HRQOL have yet to be defi ned.
The purpose of the present study was to examine relationships between objective accelerometer assessments of the amount and intensity of habitual physical activity and the HRQOL of older adults, as measured by their SF-36 scores. Physical activity patterns were studied over an entire year, during which the number of steps taken and the duration of moderate-intensity physical activity were noted on a daily basis. We hypothesized that these two activity-related variables would be associated with HRQOL scores and, specifi cally, that the HRQOL would be poorer in sedentary older individuals.
Methods Participants
The participants were an arbitrary sample of 73 male and 108 female volunteers, age 65-85 years. Criteria of recruitment were willingness to participate, attendance at an annual medical examination, and the absence of chronic conditions (particularly severe diseases and pain) that could limit physical activity or have an adverse impact on HRQOL. All participants resided in the medium-sized residential town of Nakanojo, Gunma Prefecture, Central Japan; Nakanojo is about 150 km northwest of Tokyo, and it had a population of 18,112 in 2003. The participants gave written informed consent to their participation in this institutionally approved study after the protocol, stresses, and possible risks had been fully explained to them.
Physical Activity Measurements
An electronic accelerometer with a storage capacity of 36 days (modifi ed Kenz Lifecorder, Suzuken Co., Ltd., Nagoya, Aichi, Japan; for details of the mechanism, see Togo, Watanabe, Park, Shephard, & Aoyagi, 2005) measured the number of steps taken and the intensity of physical activity every 4 s throughout each day. Intensities were categorized into 11 levels, based on the pattern of the accelerometer signal. The monitor yielded reliable and accurate step counts and metabolic equivalent values (METs), particularly during walking (the main form of physical activity in this elderly population; Kumahara et al., 2004) . For the present purpose, the monitor was attached to a waist belt on the left side of the body (although similar scores are recorded from left and right sides of the body). Participants wore the instrument throughout each 24-hr period for 1 year from July 2002 through June 2003. Monthly visits to the Nakanojo Public Health Center allowed data retrieval and battery replacement in the space of a few minutes.
Daily step counts and intensity categories were totaled over each 24-hr period from midnight to the following midnight. Before calculating scores, data obtained during waking hours were inspected by a specially adapted computer program. This detected any consecutive intervals with no recorded body movement that the participant had not marked by event stamps to indicate removal of the accelerometer for things such as bathing, showering, napping, and dressing. Typically, intervals of this type lasting for longer than 3 hr were seen on less than 5% of measurement days. Data for such intervals were excluded from the present analyses. Parameters calculated were the daily number of steps, averaged over the year, and the average daily period of exercise at an intensity higher than moderate for an elderly person (>3 METs). It was inferred on the basis of individual interviews that the physical activity patterns of our participants had remained relatively constant over a period of some 10 years since their retirement.
HRQOL Measurements
At the conclusion of physical activity measurements, in July 2003, HRQOL was assessed using a validated Japanese-language version of the SF-36 (Fukuhara & Suzukamo, 2004; Ware & Sherbourne, 1992) . The SF-36 asks 36 questions about health over the preceding 4 weeks and measures eight dimensions of health status: physical functioning (PF), role limitations because of physical health (RP), bodily pain (BP), general health (GH), vitality and energy (VT), social functioning (SF), role limitations because of emotional problem (RE), and mental health (MH). Responses to questions in each dimension are summed and transformed to generate dimension scores ranging from 0 (poor health) to 100 (good health). The mean scores for healthy Japanese men and women in this age group were, respectively, PF 84. 3 and 80.8, RP 86.2 and 83.1, BP 73.2 and 73.0, GH 63.0 and 61.6, VT 67.9 and 65.1, SF 85.5 and 85.3, RE 86.6 and 85.9, and MH 74.8 and 73.3 (Fukuhara & Suzukamo) . The original algorithm (based on the factor structure of SF-36 scores) cannot be applied to Japanese populations (Fukuhara & Suzukamo) . Thus, an overall HRQOL was calculated conveniently as the average of scores for the eight SF-36 dimensions. We arbitrarily assumed that in both the reference group and the present cohort, an overall HRQOL 10 points lower than the mean would have practical, clinical signifi cance (Atlantis, Chow, Kirby, & Singh, 2004; Laforge et al., 1999) .
Statistical Analyses
Given considerable gender differences of social roles for this age group in rural Japan, data for men and women were examined separately. Nonpaired t tests analyzed sex differences in physical characteristics (including age, height, body mass, and body-mass index), the two selected physical activity-related variables, and the eight dimensions and overall HRQOL. Simple Pearson correlation analyses tested relationships between age and physical activity. Because age is one signifi cant factor infl uencing both HRQOL and habitual physical activity, particularly in an elderly population, we used partial correlation coeffi cients to control for individual age and assess independent relationships between physical activity scores, the overall SF-36 score, and the eight individual SF-36 dimensions. Within each sex, we arbitrarily divided participants into four quartiles (Q1-Q4) according to their physical activity scores, Q1 indicating the lowest quartile and Q4 the highest (Table  1) . One-way analysis of variance (ANOVA) tested relationships between age and physical activity among the four quartiles. Analysis of covariance (ANCOVA) assessed independent associations between the four categories of physical activity, overall SF-36 score, and the eight SF-36 dimensions after controlling for age. All statistical contrasts were made at the .05 level of signifi cance (Statistical Package for Social Science 11.5, SPSS Inc., Chicago), applying a Scheffé or Bonferroni correction as appropriate when multiple comparisons were made. Data are presented as means and standard errors of the mean (SEM).
Results

Sex Differences in Physical Characteristics, Physical Activity, and HRQOL
Appropriate t tests showed the anticipated differences in height and body mass between men and women (1.61 ± 0.01 vs. 1.49 ± 0.01 m and 59.5 ± 0.8 vs. 50.8 ± 0.7 kg, respectively; both p < .05), but age and body-mass index did not differ signifi cantly between sexes (73.5 ± 0.5 vs. 72.7 ± 0.5 years and 22.9 ± 0.3 vs. 23.0 ± 0.3 kg/m 2 , respectively). The year-averaged daily step count and the yearaveraged daily duration of physical activity >3 METs (Table 1) were signifi cantly greater in men than in women (7,464 ± 337 vs. 6,389 ± 258 steps/day and 21.4 ± 1.7 vs. 16.6 ± 1.1 min/day, respectively). However, the two indices of habitual physical activity were signifi cantly correlated with each other both in men (r = .843) and in women (r = .861). The magnitude of the effect was such that participants taking <4,000 steps/day averaged <5 min/day at an intensity >3 METs, whereas those taking >10,000 steps/day averaged >30 min/day at an intensity >3METs. Two individual dimensions of the SF-36 score (VT and MH) and the overall SF-36 score were signifi cantly higher in men than in women (76.9 ± 2.1 vs. 70.9 ± 1.8, 83.7 ± 1.9 vs. 77.5 ± 1.8, and 82.9 ± 1.5 vs. 78.8 ± 1.4, respectively), but there were no signifi cant sex differences in the other six SF-36 dimensions.
Age and Physical Activity
Signifi cant negative correlations were observed between age and both the average number of steps per day and the average daily duration of physical activity >3 METs in both men (r = -.401 and -.410, respectively) and women (r = -.346 and -.271, respectively). ANOVA showed signifi cant associations between the four physical activity quartiles and age. In the lowest quartile (Q1), men were signifi cantly older than those in the two highest quartiles (Q3 and Q4) whether classifi ed by the daily number of steps (76.9 ± 0.9 vs. 71.3 ± 1.0 and 72.2 ± 0.7 years, respectively) or the daily duration of physical activity >3 METs (76.9 ± 0.8 vs. 71.7 ± 0.9 and 71.9 ± 0.8 years, respectively). Likewise, women in the lowest quartile (Q1) were signifi cantly older than those in the two highest quartiles (Q3 and Q4) with respect to the daily number of steps (75.0 ± 1.1 vs. 71.2 ± 0.7 and 71.1 ± 0.6 years, respectively), and women in Q1 were older than in two (Q2 and Q4) of the three higher quartiles with respect to the daily duration of physical activity >3 METs (75.4 ± 1.1 vs. 71.7 ± 0.9 and 71.2 ± 0.7 years, respectively).
Daily Number of Steps and HRQOL
In both men and women, partial correlation analyses controlling for age showed signifi cant positive relationships between the average daily step count and the overall SF-36 score, the correlation coeffi cient being greater in men than in women (Figure 1 ). Even the most active quartile of individuals did not, in general, reach the theoretical maximum score of 100 for the various HRQOL components (Tables  2 and 3 ). Nevertheless, ANCOVA controlling for age showed signifi cant associations between the four categories of daily step count and SF-36 scores (Table 2) . In both men and women, the overall HRQOL was substantially (>10 units) higher in the second (Q2) than in the fi rst quartiles (Q1) of the step count (p < .05), with smaller and clinically insignifi cant additional benefi ts in the two highest quartiles. The association between HRQOL and step count was distributed fairly uniformly across the eight domains of HRQOL; fi ve were statistically signifi cant in men, PF, RP, GH, VT, and RE, and six were statistically signifi cant in women, PF, BP, GH, VT, RE, and MH. 
Daily Duration of Physical Activity >3 METs and HRQOL
As with the step-count data, partial correlation analyses controlling for age showed signifi cant positive relationships between the average daily duration of physical activity >3 METs and the overall SF-36 score, associations being closer in men than in women (Figure 2) . When data for physical activity were categorized into quartiles, ANCOVA controlling for age showed signifi cant relationships between the daily duration of activity >3 METs and SF-36 scores (Table 3 ). The considerable difference in overall HRQOL between the fi rst (Q1) and the second quartiles (Q2) of moderate-exercise duration (p < .05 in men only) was greater than the difference seen for daily step count in men but in contrast was smaller than that for step count in women. Again, the association between duration of moderate physical activity and HRQOL was spread fairly consistently against HRQOL domains; in men all individual dimensions showed signifi cant differences, but in women only four dimensions differed signifi cantly from the values observed in the sedentary individuals of Q1: PF, GH, VT, and MH.
Discussion
The experimental data support our hypothesis of associations between step count, duration of moderate physical activity, and a greater HRQOL than that seen in sedentary individuals. The minimum volume of physical activity (about 5,500 and 4,500 steps/day in men and women, respectively) associated with an enhanced HRQOL appears to coincide roughly with the "low active" category previously proposed by Tudor-Locke and Bassett (2004) . Moreover, HRQOL does not appear to be any greater in individuals who exceed this minimum threshold of physical activity. In terms of energy expenditure, the stepping threshold equates to an equivalent of approximately 17 kJ (4 kcal)/kg per week, accumulated through moderate physical activity (about 13 and 14 min/day at an intensity >3 METs in men and women, respectively). This is only a half as large as the current public health recommendation for postmenopausal women (34 kJ [8 kcal] · kg -1 · week -1 ; Jordan, Jurca, Tudor Locke, Church, & Blair, 2005) . Further work is needed to test for causality in the relationship, to examine possible sex differences, and to establish the precise step-count threshold.
Daily Number of Steps and HRQOL
Previous authors have recognized that the HRQOL is likely to be greater in physically active people than in their sedentary peers (Lee & Russell, 2003) . Our results extend this observation. Whether plotted individually or grouped by quartiles, our data suggest a nonlinear relationship between the HRQOL and the daily step count. The fi ndings point to a threshold dose of daily physical activity that is associated with a better HRQOL. Those taking fewer than 5,000 steps/day are virtually sedentary (Tudor-Locke & Bassett, 2004) . However, the quartile (Q2) taking a minimum of around 5,500 and a mean of 6,500 steps/day in men and a minimum of around 4,500 with a mean of 5,200 steps/day in women had a clinically signifi cant advantage of overall HRQOL (an increase of >10 units) over the most sedentary quartile (Q1, with respective means of around 3,900 and 3,400 steps/day). Possibly in part because of individual ceiling effects for the HRQOL score, trends to a further advantage of HRQOL score in the top two quartiles (Q3 and Q4) of step count were smaller and statistically not signifi cant.
Particularly in sedentary individuals, large fractions of the daily step count were associated with minor movements (at an intensity <3 METs) rather than with defi nitive paces. Kono, Kai, Sakato, and Rubenstein (2004) have suggested that the frequency of going outdoors might offer a useful and simple predictor of changes in functional and psychological health, and in a 9-month prospective cohort study getting an older person to go outdoors often had benefi cial therapeutic effects. Using a sample of 41 healthy older Japanese adults, Togo et al. (2005) recently demonstrated that the daily number of steps decreased exponentially to approximately 4,000 as precipitation increased; a count <4,000 steps/day is likely evidence that an elderly person is remaining indoors, a situation in which most of the recorded counts are the result of low-intensity movements. Although we still need more precise data on the relationship between step count and the frequency of going outdoors, the present fi ndings suggest that going outdoors might help generate steps at an intensity >3 METs and thus be associated with a greater HRQOL. In sedentary older adults, an increase of at least 2,000 steps/day over baseline might be recommended for an enhanced HRQOL, as already pointed out by several investigators (Hill, Wyatt, Reed, & Peters, 2003; Tudor-Locke & Bassett, 2004) .
Daily Duration of Physical Activity >3 METs and HRQOL
Current guidelines from the CDC and the American College of Sports Medicine have recommended a minimum of 30 min of physical activity in the range 3-6 METs on most, and preferably all, days of the week in order to prevent disease and promote health (Pate et al., 1995) . Some groups such as Health Canada and the World Health Organization have argued for even greater habitual activity, suggesting 60 min/day as a minimum to maintain or enhance health (Shephard, 2002; World Health Organization, 1985) . Further consideration of these recommendations might be needed in elderly populations, because in those >65 years of age, intensities of effort are unlikely to be high, at least in absolute terms, and activities classed as "moderate" have a much lower intensity than in young adults. Indeed, in people age 65-85 years, the minimum recommended intensity of >3 METs is already a substantial fraction of a peak aerobic power that is commonly in the range of 5-7 METs. If all of a dayʼs step count is considered, it would seem that those of our participants with a relatively high HRQOL were indeed physically active for 60 or more min/day, but much of this activity was likely performed indoors, at an intensity <3 METs. Brown et al. (2004) previously noted that in older adults even what many had regarded as an insuffi cient intensity or duration of physical activity was associated with a better HRQOL than that found in totally inactive people. The quantitative relationships that we have observed in our sample of elderly Japanese participants support this view.
Whereas some studies have focused mainly on the total duration of physical activity, others have stressed the need to reach a recommended minimum intensity of effort to ensure a relatively high HRQOL (Atlantis et al., 2004; Brown et al., 2003; Laforge et al., 1999) . For example, older adults achieving the recommended intensity of physical activity were likely to report fewer physically or mentally unhealthy days than were inactive or insuffi ciently active people (Brown et al.) . Furthermore, improvement of HRQOL scores for depression and stress was reported among adults age 20-54 years who participated in a 24-week randomized controlled trial of substantial aerobic-and resistance-exercise training (Atlantis et al.) . The present study showed strong associations between the daily duration of physical activity >3 METs and overall HRQOL. Men in duration quartiles Q2-Q4 and women in Q3 reached respective approximate means of >16 and >17 min/day at the >3 METs intensity; they had a better HRQOL than those in the most sedentary quartile (Q1), whose moderate activity approximated only 5 min/day. The difference in HRQOL between the fi rst (Q1) and the second quartiles (Q2) of effort duration was larger in men but was smaller in women than for the corresponding quartiles of daily step count. The association between HRQOL and the daily duration of physical activity >3 METs was also less consistent in women than in men. Possibly, many older women spent relatively long periods indoors, performing low-intensity household tasks (Kriska & Caspersen, 1997; Wareham et al., 2002) . Certainly, it seems important to encourage older adults to engage in physical activity, even if they achieve only relatively low intensities of effort for most of the time that they are active.
In summary, the data from this cross-sectional study confi rm our hypothesis that the HRQOL of older adults is associated with both the intensity and the total volume of habitual physical activity undertaken. The HRQOL is signifi cantly poorer in physically inactive older individuals, whether inactivity is assessed by step count or by duration of activity >3 METs. However, the HRQOL is not further enhanced in individuals exceeding minimum counts of around 5,500 and 4,500 steps/day and minimum moderate-exercise durations of around 13 and 14 min/day in men and women, respectively. In men, the advantage of HRQOL is associated more closely with the daily duration of moderate exercise, whereas in women the closest association is with the daily step count. We suggest that elderly individuals should be encouraged to meet minimum standards of habitual physical activity because of its association with HRQOL. The cause-and-effect direction of the relationship between physical activity and HRQOL cannot be inferred from a cross-sectional study such as this, and it is conceivable that people with low HRQOL scores might be less active because of poor health (although in general, their physical activity patterns have persisted over the period of some 10 years since their retirement). Thus, we recommend a longitudinal randomized controlled study, using more participants and including frailer individuals, in order to give a more defi nitive interpretation of the present fi ndings. 
